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TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR CARBON FIBER FIXED ON A SUBSTRATE 

5 P ACKGRQ U N D QF THE INVENTION 

Field of the Invention 

[0001] The present Invention relates to a method and 
apparatus for continuously generating and forming carbon 
10 fiber (fibrous carbon) such as carbon nanotubes, graphite 

nanotubes, or the like. 
Pescyiption of the Related Art 

[0002] A carbon nanotube, which Is a type of carbon fiber. 
Is a material In the shape of a tube having a configuration 

15 wherein graphite structures are wound In the shape of a 

cylinder, and Is a new material which Is expected to be 
applied to various fields due to unique properties thereof. 
Fig. 2 Illustrates a conventional method for generating 
carbon nanotubes employing the arc method disclosed In 

20 Japanese Patent Lald-Open No. 6-280116. As shown In Fig. 2, 

DC arc discharge In an Inert gas with a carbon material, 
such as graphite or the like, being used as an anode 2, and 
a heat-resisting electroconductlve material being used as a 
cathode 3, causes evaporation of the carbon material on the 

25 side of the anode 2 that reaches high temperature. 
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Generally half of the evaporated carbon condenses in the gas 
phase, and soot, carbon nanotubes, and the like, are formed 
on the inner wall of the container. The other half of the 
evaporated carbon directly condenses at the tip of the 
5 cathode 3, and a hard carbonaceous deposited substance 16 is 

formed. Conventionally, the deposited substance 16 formed 
on the inner wall of the container and the tip of the 
cathode 3 is collected to manufacture carbon nanotubes . In 
Fig. 2, reference numeral 4 denotes an inert gas introducing 
10 port for introducing an inert gas into the container, and 

reference numeral 8 denotes a current supplying device for 
applying a voltage between the anode 2 and the cathode 3 so 
as to cause arc discharge. 

[0003] The carbon nanotubes obtained with the above- 
15 described conventional arc discharge method are deposited on 

the inner wall of the container { the cathode 3 ) . 
Accordingly, a collecting method is required, thus leading 
to an increase of process steps. Furthermore, with the 
conventional arc discharge method, since deposition of the 
20 carbon material occurs on the cathode 3, there is a need to 

perform arc discharge while adjusting the distance between 
the anode 2 and the cathode 3 corresponding to the 
deposition amount of the cathode deposited substance 16. 
Accordingly, the distance between the anode 2 and the 
25 cathode 3 cannot be fixed to be constant due to the growth 
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of the cathode deposited substance 16, resulting In unstable 
discharge. Furthermore, the yield of the carbon nanotubes 
Is low due to the generated cathode deposited substance 16 
being exposed to arc discharge for a long time. Furthermore, 
5 while carbon nanotubes are contained In the deposited 

substance 16 generated by the arc discharge or the like, the 
generated carbon nanotubes tends to be aggregated 
(coagulated) . Accordingly, In the event that carbon 
nanotubes are to be formed Into a film on a substrate, there 

10 Is a need to perform dispersion processing. 

[0004] Furthermore, eunong methods for foinnlng a film of 
carbon fibers such as carbon nanotubes on a substrate, a 
method Is disclosed In Japanese Patent Lald-Open No. 2000- 
086216, whereby a catalytic metal film Is formed, and Is 

15 patterned so that the catalysis occurs at desired positions, 

and carbon nanotubes are formed by performing thermal 
processing by the CVD method, with the catalytic metal as a 
nucleus. Additionally another method is disclosed in 
Japanese Patent Lald-Open No. 2000-057934, whereby an 

20 auxiliary agent is applied to the substrate, and carbon 

nanotubes are formed at desired positions on the substrate 
by performing thermal processing with the electric field 
application plasma CVD method. However, with any of these 
methods, the number of process steps is great, leading to 

25 high costs. 
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[0005] With the conventional manufacturing methods. In a 
case of manufacturing carbon fibers such as carbon nano tubes 
or the like by the arc discharge method, for example, the 
carbon fiber Is deposited on the Inner wall, cathode, and 
5 the like. In the arc discharge container, and the deposited 

substance Is collected for manufacturing a carbon material 
containing carbon fiber. As a result, the carbon fibers 
cannot be continuously manufactured, leading to an Increase 
of process steps. Furthermore, the deposited substance 
10 containing carbon fibers formed on the inner wall of the 

container or the cathode tends to be aggregated (coagulated). 
Consequently, there was a need to perform dispersion 
processing. 

[0006] Examples of the methods for forming a film of 
15 carbon fibers on a substrate Include a method whereby dot- 

shaped patterning of a catalytic metal is performed at 
desired positions using resist so as to form a catalyst at 
desired positions for forming carbon fibers such as carbon 
nanotubes by performing thermal processing by the CVD method, 
20 with the catalytic metal as a nucleus, and a method wherein 

an auxiliary agent (catalysis) is applied to the substrate, 
and carbon fibers such as carbon nanotubes are formed at 
desired positions on the substrate with the electric field 
application plasma CVD method. However, any of these 
25 methods has a great number of process steps, leading to high 



- 5 - 



costs . 



SUMMARY OF THE INVENTION 

5 [0007] The present Invention has been made in order to 

solve the above -described problems, and it is an object 
thereof to provide a method for continuously forming carbon 
fibers on a desired substrate. Furthermore, it is an object 
of the present invention to provide a carbon fiber 
10 manufacturing method with fewer process steps and lower 
manufacturing costs. 

[0008] According to the present invention, aerosol carbon 
fiber is directly formed in a transporting gas from the 
carbon fiber generated by arc discharge for transporting to 
15 a carbon nanofiber film-forming chamber, whereby carbon 

nanofiber is fixed on a substrate. 

[0009] That is to say, with a manufacturing method for a 
substrate fixed with carbon fiber according to the present 
invention, processing is performed with an apparatus 

20 including a first chamber having an anode containing carbon 

and a cathode, disposed facing one another, and a second 
chamber communicating with the first chamber through a 
transporting tube. The manufacturing process comprises a 
setting the pressure in the second chajnber to be lower than 

25 the pressure in the first chamber, generating arc discharge 
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between the anode and the cathode to form carbon fiber, and 
ejecting the carbon fiber generated in the first chamber 
from the end of the transporting tube disposed within the 
second chamber so that the carbon fiber collides with the 
5 substrate using the pressure difference between the first 

chamber and the second chamber. 

[0010] Furthermore, by employing a manufacturing method 
for an electronic device comprising an electrode having 
carbon fiber according to the present invention, processing 

10 is performed with an apparatus including a first chamber 

having an anode containing carbon and a cathode, disposed 
facing one another, and a second chamber, in which a 
substrate having electrodes is disposed, and communicating 
to the first chamber through a transporting tube. The 

15 manufacturing process comprises a step whereby the pressure 
in the second chamber is set to be lower than the pressure 
in the first chamber, a step for forming carbon fiber by 
generating arc discharge between the anode and the cathode, 
and a step for ejecting or discharging carbon fiber 

20 generated in the first chamber is emitted from the end of 

the transporting tube disposed within the second chamber so 
that the carbon fiber collides with the electrodes on the 
substrate using the pressure difference between the first 
chamber and the second chamber. 

25 [0011] With the above -described manufacturing methods, a 
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non-oxidatlve gas Is preferably supplied into the first 
chamber. Furthermore, the above -described anode preferably 
contains a catalytic material. Here, for example, the 
above -described electronic device comprises an electron - 
5 emitting device. 

[0012] Furthermore, by employing a manufacturing method 
for a display having multiple electron- emitting devices 
according to the present invention, the aforementioned 
electron-emitting devices are manufactured. 

10 [0013] Furthermore, a deposition apparatus for carbon 

fiber according to the present invention comprises a first 
cheunber, a transporting tube, a second chcunber communicated 
to the first chamber through the transporting tube, an anode 
containing carbon disposed within the first cheunber, a 

15 cathode disposed within the first chamber, facing the anode 

containing carbon, and pressure control means for keeping 
the pressure in the first chamber greater than the pressure 
in the second cheunber. 

[0014] Furthermore, with a deposition apparatus for 
20 carbon fiber according to the present invention, evaporation 

and condensation of carbon are effected by arc discharge 
between an anode formed of a carbon electrode and a cathode 
disposed facing the anode formed of the carbon electrode in 
an inert gas atmosphere to generate carbon fiber. At the 
25 scime time, the generated carbon fiber is dispersed into an 
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Inert gas, and is transported along with the inert gas so as 
to be emitted as a jet from a nozzle, whereby carbon fiber 
is formed on a substrate. 

[0015] The above -de scribed deposition apparatus for a 
5 film containing carbon fiber comprises a transporting tube, 

a carbon fiber- generating chcunber including an anode formed 
of a carbon material, a cathode disposed with a 
predetermined distance to the anode for causing arc 
discharge between the anode and the cathode so as to heat 

10 and evaporate the carbon material, a suction opening of the 

transporting tube disposed above the evaporation source, and 
an inert gas introducing unit . The inert gas introducing 
unit comprises a carbon fiber film- forming chamber including 
a nozzle connected to the end of the transporting tube, a 

15 substrate disposed facing the nozzle, and an inert gas 

exhaust unit, wherein carbon nanofiber generated by heating 
and evaporating the evaporation source is transported along 
with the inert gas due to the pressure difference between 
the carbon fiber -generating chamber and the carbon fiber 

20 film-forming chcimber through the transporting tube so as to 

be emitted as a Jet from the nozzle, whereby a carbon fiber 
film or a lump containing carbon fiber is formed on the 
substrate. 

[0016] Furthermore, according to the present invention 
25 comprising a deposition method for a film containing carbon 
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fiber, evaporation and condensation of carbon are effected 
by arc discharge between an anode formed of a carbon 
electrode and a cathode disposed facing the anode formed of 
the carbon electrode in an inert gas atmosphere so as to 
5 generate carbon fiber. At the seune time, the generated 

carbon fiber is dispersed into an inert gas, and is 
transported along with the inert gas so as to be emitted as 
a Jet from a nozzle, whereby a film containing carbon fiber 
is formed on an object, 

10 [0017] The above -described deposition method for a film 

containing carbon fiber uses a transporting tube, a carbon 
fiber -generating chamber including an anode formed of a 
carbon material, a cathode disposed with a predetermined 
distance to the anode for causing arc discharge between the 

15 anode and the cathode so as to heat and evaporate the carbon 

material, a suction opening of the transporting tube 
disposed above the evaporation source, and an inert gas 
introducing unit, a carbon fiber film-forming chamber 
including, a nozzle connected to the end of the transporting 

20 tube, a substrate disposed facing the nozzle, and an inert 

gas exhaust unit, wherein carbon nanofiber generated by 
heating and evaporating the evaporation source is 
transported along with the inert gas due to the pressure 
difference between the carbon fiber-generating chamber and 

25 the carbon fiber film -forming chamber through the 



- 10 - 



transporting tube so as to be emitted as a jet from the 
nozzle, so that a carbon fiber film or a lump containing 
carbon fiber is formed on the substrate, whereby a film 
containing carbon fiber is formed on the subject. 
5 [0018] Further objects, features and advantages of the 

present invention will become apparent from the following 
description of the preferred embodiments with reference to 
the attached drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Fig. 1 is a configuration diagram of a carbon 
nanotube generating/film-forming apparatus according to a 
first embodiment of the present invention. 
15 [0020] Fig. 2 is a configuration diagram of a 

conventional carbon nanotube manufacturing apparatus. 

PBS C RIFTI Q N OF THE PREFERRE D EMPOPIMENTS 

20 [0021] A preferred embodiment of the present invention, 

comprises performing arc discharge between an anode formed 
of a carbon electrode and a cathode disposed facing 
aforementioned carbon electrode in an inert gas for 
effecting evaporation and condensation of carbon to generate 

25 carbon nanotubes. At the same time, the generated carbon 
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nanotubes are dispersed into an inert gas, transported along 
with the inert gas, and ejected as a jet of the carbon 
nanotubes and the inert gas from a nozzle, whereby the 
carbon nanotubes are formed on an object in the shape of a 
5 film. 

[0022] The carbon material or the like is evaporated by 
the arc discharge method by heating, and the carbon 
nanotubes generated from the heating and evaporation of the 
carbon are transported along with the inert gas , through a 

10 transporting tube using the pressure difference between a 

carbon nanotube generating chamber and a carbon nanotube 
film-forming chamber, and the jet of the carbon nanotubes 
and the inert gas is emitted from the nozzle, whereby a 
carbon nanotube film or a lump containing carbon nanotubes 

15 is formed on a substrate. 

[0023] A carbon fiber generating/film-forming apparatus 
according to an embodiment of the present invention will be 
described with reference to Fig. 1. Note that the size, 
material, and relative layout, of the components thereof 

20 described in the present embodiment are not restricted to 

those described in the present embodiment, unless 
specifically described otherwise. 

[0024] The present invention is not restricted to any 
single method for forming carbon nanotubes, but rather, the 
25 present invention can be applied to methods for forming any 
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carbon fiber with the shape of a tube, formed of carbon as a 
principal component using the arc discharge method. 
Examples of carbon fibers include, but are not limited to, 
the aforementioned carbon nanotube, a graphite nanofiber 
5 wherein graphen layers are built up in the longitudinal 

direction of the fiber (the c axis is not orthogonal to the 
axis of the fiber (longitudinal direction)), a helical 
carbon fiber, twist carbon fiber, a cup- stacked carbon fiber 
wherein graphite layers in the shape of a cup are built up 

10 in the longitudinal direction of the fiber, and the like. 

[0025] A sheet of graphite is referred to as "graphen" or 
"graphen sheet". A graphite structure is formed of carbon 
atoms disposed in the shape of a hexagon with covalently 
bonded due to SP^ hybrid, ideally with a distance of 3.354 x 

15 10"^° m between each other. Note that one sheet in the 

graphite structure is referred to as "graphen" or "graphen 
sheet" . 

[0026] Fig. 1 is a schematic diagreun which illustrates a 
carbon nanotube generating/film-forming apparatus according 

20 to an embodiment of the present invention. In Fig. 1, an 

anode 2 formed of a carbon material such as graphite or the 
like, and a cathode 3, are disposed in the carbon nanotube 
generating chamber 1 . While the anode 2 can be formed of a 
carbon material such as graphite or the like, an arrangement 

25 may be made wherein catalyst such as Fe, Ni, Pd, or the like. 
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which accelerates the growth of carbon nanotubes. Is mixed 
Into the carbon material. As a catalyst which accelerates 
the growth of carbon nanotubes. Irons, platinums, rare-earth 
metals. Iron /rare -earth metal mixture, and the like, are 
5 employed. Examples of cathode material Include carbon, 

graphite, copper, and the like. As for the combination of 
the anode 2 and the cathode 3, carbon Is preferably employed 
for both the anode 2 and the cathode 3. Furthermore, an 
arrangement may be made wherein the carbon nanotube 

10 generating chamber has multiple anodes 2 for stable 

discharge. The anode 2 is connected to a current input 
terminal 2a, and the cathode 3 is connected to a current 
input terminal 3a, as well. Furthermore, the anode 2 can be 
moved by a linear-movement /rotation mechanism 2b which 

15 enables linear movement and rotation of the anode 2. The 

linear movement is performed in the horizontal direction in 
the drawing, and rotation is performed with the center of 
the electrode rod forming the anode 2 as the axis. 
Furthermore, the cathode 3 can be moved by the linear - 

20 movement mechanism 3b which enables linear movement of the 

cathode 3 . The linear movement is performed in the 
horizontal direction in Fig. 1. While the linear- 
movement /rotation mechanism 2b and the movement mechanism 3b 
are preferred, the linear-movement /rotation mechanism 2b and 

25 the linear -movement mechanism 3b are more preferred for 
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stable discharge. 

[0027] Furthermore, the carbon nanotube generating 
chamber 1 Includes an Introducing port 4 for Introducing an 
Inert gas so as to adjust the atmosphere In the carbon 
5 nanotube generating chamber 1, and for forming the generated 

carbon nanotubes Into aerosol, and further Includes a 
transporting port 6 connected to a transporting tube 5 for 
transporting aerosol carbon nanotubes along with the Inert 
gas. Examples of Inert gases employed In the present 

10 Invention Include, but are not limited to, a helium gas, an 

argon gas, a nitrogen gas, a nitrogen -hydrogen mixture gas. 
[0028] In Fig. 1, reference numeral 7 denotes a pressure 
gauge, and reference numeral 8 denotes a electric power 
supplying device for supplying electric power for causing 

15 arc discharge between the anode 2 and the cathode 3. The 

transporting tube 5 connected to the transporting port 6 is 
Introduced Into a carbon nanotube film-forming cheunber 9, 
and Is connected to a nozzle 10 at the end thereof. 
Furthermore, the nozzle 10 includes a heating mechanism 11. 

20 The carbon nanotube film- forming chamber 9 includes a 

substrate 12 for forming a carbon nanotube film, a stage 13 
for moving the substrate 12, and an exhaust port 14 for 
exhausting the inert gas within the carbon nanotube film- 
forming chamber 9. The exhaust port 14 is connected to a 

25 vacuum pump 15. 
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[0029] Next, a carbon nanotube generating and film- 
forming method will be described using the above -described 
generating/film- forming apparatus. First of all, the 
pressure is adjusted to 10'^ Pa or less in the carbon 
5 nanotube generating chamber 1, transporting tube 5, and 

carbon nanotube film-forming chamber 9. Next, an inert gas 
is introduced into the carbon nanotube generating chamber 1 
through the inert gas introducing port 4 while evacuating 
the carbon nanotube film-forming cheunber 9 by the vacuum 

10 pump 15 so that the pressure in the carbon nanotube 

generating cheunber 1 is, but not limited to, around 70 kPa. 
The pressure of the carbon nanotube generating chcunber 1 is 
preferably set to a pressure suitable for forming carbon 
nanotubes or the like, and the pressure is selected taking 

15 the pressure difference between the carbon nanotube 

generating chamber 1 and the carbon nanotube film- forming 
cheunber 9. In the present invention, the pressure in the 
carbon nanotube film- forming chamber 9 is preferably set to 
a few hundred Pa or less. The stable flow of the inert gas 

20 is preferably formed from the pressure difference between 

the carbon nanotube generating chamber 1 and the carbon 
nanotube film-forming cheunber 9. Subsequently, a DC voltage 
is applied from the electric power supplying device 8 with 
the anode connected to positive tearminal thereof, and the 

25 cathode connected to negative terminal thereof, causing arc 
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discharge between the anode 2 and the cathode 3. As a 
result , evaporation of the carbon material of the anode 2 Is 
effected, resulting In condensation and recrystalllzatlon of 
the evaporated carbon material, thereby generating carbon 
5 nanotubes. After confirming stable discharge, the anode 2 

and the cathode 3 are moved by the linear-movement /rotation 
mechanism 2b and the linear -movement mechanism 3b so as to 
keep the distance between the anode 2 and the cathode 3 
constant during discharge. 

10 [0030] The generated carbon nanotubes are dispersed Into 

the Inert gas, forming aerosol carbon nanotubes. The Inert 
gas containing carbon nanotubes Is transported to the carbon 
nanotube film-forming chamber 9 through the transporting 
tube 5 as an Inert gas flow resulting from the pressure 

15 difference between the carbon nanotube generating chamber 1 

and the carbon nanotube film-forming chamber 9. The Inert 
gas containing carbon nanotubes transported to the carbon 
nanotube film-forming chamber 9 Is ejected as a jet at high 
speed from the nozzle 10 mounted to the end of the 

20 transporting tube 5 to the substrate 12, forming a carbon 

nanotube film on the substrate 12. At this time, the 
transporting tube 5, the nozzle 10, and the substrate 12, 
are preferably heated. The jet of the Inert gas containing 
carbon nanotubes Is preferably emitted at a speed (m/S) with 

25 magnitude of ten or faster. 
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[0031] Furthermore, an electrode disposed on the surface 
of the substrate where carbon fiber collides fixes the 
carbon fiber on the electrode, resulting in supplying 
electrons to the carbon nanotubes. Thus, the present method 
5 can be applied to various kinds of electronic devices such 

as an electron-emitting device, transistor, or the like. In 
particular, an electron source where a large number of 
electron-emitting devices are two-dimensionally arrayed can 
be formed by forming an array of a large number of 

10 electrodes where carbon fiber has been fixed on the 

substrate. Furthermore, a display can be formed by forming 
an array of anode electrodes having a luminous substance 
such as a fluorescent substance or the like so that the 
carbon fiber faces an fixed electrode, as well. 

15 [0032] Excunples according to the present invention will 

be presented below, but the present invention is not limited 
to these excunples . 
First Embodiment 

[0033] A carbon nanotube generating/film-forming 
20 apparatus and a manufacturing method according to a first 

embodiment of the present invention will be described with 
reference to Fig. 1. A graphite electrode with the diameter 
of 10 mm was employed for the cathode 3, a carbon electrode 
with the diameter of 10 mm and the length 10 cm, containing 
25 Ni of 20% by weight was employed for the anode 2, and the 
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distance between these electrodes was set to 1 mm. First, 
the carbon nanotube generating chcunber 1, the transporting 
tube 5, and the carbon nanotube film- forming chamber 9, were 
evacuated so that the pressure thereof reached 10'^ Pa or 
5 less. Subsequently, a helium gas was supplied Into the 

carbon nanotube generating chamber 1 through the Inert gas 
Introducing port 4, whereby the pressure In the carbon 
nanotube generating chamber 1 was adjusted to be around 70 
kPa. At this time, the carbon nanotube f llm-f ormlng chamber 

10 9 was evacuated by the vacuum pump 15, whereby the pressure 

In the carbon nanotube film-forming chamber 9 was adjusted 
to be 200 Pa. The pressure difference was created between 
the carbon nanotube generating chamber 1 and the carbon 
nanotube film-forming camber 9, and the supply of a helium 

15 gas was adjusted for a stable flow of the helium gas from 

the carbon nanotube generating chamber 1 to the carbon 
nanotube film-forming chamber 9 through the transporting 
tube 5 . 

[0034] Next, a DC voltage was applied from the electric 
20 supplying device 8 with the anode connected to the positive 

terminal and the cathode connected to the negative terminal 
causing arc discharge between the anode 2 and the cathode 3, 
and the DC voltage was adjusted so that a discharge current 
was to be 50 A, whereby stable discharge was obtained. 
25 After confirming stable discharge, the anode 2 and the 



- 19 - 



cathode 3 were moved by the linear-movement /rotation 
mechanism 2b and the linear-movement mechanism 3b, and the 
distance between the anode 2 and the cathode 3 was 
controlled so as to be constant during discharge. 
5 Evaporation of the carbon material of the anode 2 was 

effected due to the arc discharge, and condensation and 
recrystalllzatlon of the evaporated carbon material occurred, 
forming carbon nano tubes . 

[0035] The carbon nanotubes generated In the carbon 

10 nanotube generating chamber 1 were dispersed Into a helium 

gas, forming aerosol carbon nanotubes. The helium gas 
containing carbon nanotubes were transported to the carbon 
nanotube film- forming chamber 9 through the transporting 
tube 5 as a gas flow. The helium gas containing carbon 

15 nanotubes transported to the carbon nanotube film-forming 

chamber 9 was emitted as a jet at a high speed to the 
substrate 12 from the nozzle 10 mounted to the end of the 
transporting tube 5, whereby a carbon nanotube film was 
formed on the substrate 12. At this time, the transporting 

20 tube 5 was heated at 200'*C, the nozzle 10 was heated at 

300" C, and the substrate 12 was heated at 150" C. The jet of 
the helium gas containing carbon nanotubes was emitted at 50 
m/s or more. The nozzle 10 was fixed, and accordingly, a 
carbon nanotube film was formed in the shape of a line by 

25 scanning the substrate 12 which was moved at 0.1 mm/s, with 
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the stage 13. 

[0036] The carbon nanotube film was formed In these 
conditions: the nozzle diameter of 1 mm, Al substrate heated 
at 150*" C, the pressure In the carbon nanotube generating 
5 chamber of 70 kPa, the He gas flow of 10 L/mln, and the 

pressure In the carbon nanotube film-forming chamber of 200 
Pa. 

[0037] In the present embodiment, carbon nanotubes can be 
continuously generated by arc discharge, and the generated 

10 carbon nanotubes can be directly transported, forming on a 

substrate. Accordingly, It becomes unnecessary to collect 
the carbon nanotubes, and to perform dispersion processing, 
thereby reducing process steps. 
Second Embodiment 

15 [0038] A carbon nanotube generatlng/f llm-f ormlng 

apparatus and a manufacturing method according to a second 
embodiment of the present Invention will be described with 
reference to Fig. 1. A graphite electrode with the diameter 
of 10 mm was employed for the electrode 3, a carbon 

20 electrode with the diameter of 10 mm and the length 10 cm, 

containing a Nl-Co alloy core was employed for the anode 2, 
and the distance between these electrodes was set to 1 mm. 
First, the carbon nanotube generating cheimber 1, the 
transporting tube 5, and the carbon nanotube film-forming 

25 chamber 9, were evacuated so that the pressure thereof 
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reached 10"^ Pa or less. Subsequently, a helium gas was 
supplied into the carbon nanotube generating chamber 1 
through the inert gas introducing port 4, whereby the 
pressure in the carbon nanotube generating chamber 1 was 
5 adjusted to around 70 kPa. At this time, the carbon 

nanotube film- forming chamber 9 was evacuated by the vacuum 
pump 15, whereby the pressure in the carbon nanotube film- 
forming chamber 9 was adjusted to 200 Pa. The pressure 
difference was created between the carbon nanotube 

10 generating chcunber 1 and the carbon nanotube film- forming 

camber 9, and the supply of a helium gas was adjusted for a 
stable flow of the helium gas from the carbon nanotube 
generating chamber 1 to the carbon nanotube film-forming 
chamber 9 through the transporting tube 5. 

15 [0039] Next, a DC voltage was applied from the electric 

supplying device 8 with the anode connected to the positive 
terminal and the cathode connected to the negative terminal 
causing arc discharge between the anode 2 and the cathode 3. 
The DC voltage was adjusted so that a discharge current was 

20 to be 50 A, whereby stable discharge was obtained. After 

confirming stable discharge, the anode 2 and the cathode 3 
were moved by the linear-movement/rotation mechanism 2b and 
the linear -movement mechanism 3b, and the distance between 
the anode 2 and the cathode 3 was controlled so as to be 

25 constant during discharge. Evaporation of the carbon 



- 22 - 



material of the anode 2 was effected due to the arc 
discharge, resulting In condensation and recrystalllzatlon 
of the evaporated carbon material occurred, forming carbon 
nanotubes • 

5 [0040] The carbon nanotubes generated In the carbon 

nanotube generating chamber 1 were dispersed Into a helium 
gas, whereby aerosol carbon nanotubes were formed. The 
helium gas containing carbon nanotubes were transported to 
the carbon nanotube film- forming chamber 9 through the 

10 transporting tube 5 as a gas flow. The helium gas 

containing carbon nanotubes transported to the carbon 
nanotube film- forming chamber 9 was emitted as a jet at a 
high speed to the substrate 12 from the nozzle 10 mounted to 
the end of the transporting tube 5, whereby a carbon 

15 nanotube film was formed on the substrate 12. At this time, 

the transporting tube 5 was heated at 200° C, the nozzle 10 
was heated at 300** C, and the substrate 12 was heated at 
150' C, The jet of the helium gas containing carbon 
nanotubes was emitted at 50 m/s or faster. The nozzle 10 

20 was fixed, and accordingly, a carbon nanotube film was 

formed In the shape of a line by scanning the substrate 12 
which was moved at 0.1 mm/s, with the stage 13. 
[0041] Note that the carbon nanotube film was formed with 
a nozzle diameter of 1 mm, the Al substrate heated at ISO^C, 

25 the pressure In the carbon nanotube generating chamber of 70 



kPa, the He gas flow of 10 L/mln, and the pressure In the 
carbon nanotube film-forming cheunber of 200 Pa. 
[0042] According to the present invention, carbon fiber 
can be continuously generated by arc discharge, and the 
generated carbon fiber can be directly transported, forming 
on a substrate. Accordingly, there is no need to collect 
the carbon fiber, and to perform dispersion processing or 
the like, thereby reducing process steps and manufacturing 
costs. Furthermore, the method according to the present 
invention enables carbon nanotubes to be continuously 
manufactured, and thus has remarkable industrial advantages. 
[0043] While the present invention has been described 
with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



